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PIREKe  QUARTERLY  REPORT 


Contract  •;^3 6-^0 3 9- SC- 8 67 37 
Order  #1905S>‘»P?~62-8X-8l 

0R-(X]yi-^46)A' 

Purpose? 

The  piu’pose  of  this  study  Is  to  design  and  carry  out 
the  production  engineexdng  .necessary  for  the  manufacture 
of  qviartz  crystals  for  .filter  applications  operating  on 
the  third  overtone  in  the  frceque-ucy  range  of  30  ‘bo  60  MO/s 
in  accordance  with  Signal  Corps  Specification  S0S-.13.5  dated 
20  February  1962,, 

It  is  also  the  pui'pose  O'f  this  program  to  carry  out 
Step  I  of  the  Production  .TSiglueeriag  M'eaeurea  as  specified 
in  Signal  Corps  Industrial  P.'repai'ed.neBe  Procurement 
Hequlreraeats  .>'15  dated  1  October  1953* 
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ABSTEAOT 


Design  data  for  AI'  Cut  Quart2  Crystals  for  .filter 
applications  operating  on  the  th5.rd  overtone  at  30  MC/s 
is  presented. 

An  evaluation  of  forty-~four  crystal  units  with 
two  electrode  sizes  and  two  laounting  positions  is  given. 

A  comparison  of  the  electrical  parameters  between 
the  crystals  fabrication  s.nd  the  ultimate  design  goal 
is  also  given. 
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EABJIATIVE 


It  ■was  origir.£.lly  decidsd  that  the  first  units  would 
he  made  on  the  frequenclse  of  30 j  A5p  6o  MO/s  respectl'velyo 
Hovxever^  after  a  discitsston  -with  Mr,  Ed  Mason  and  Mr^  Ermon 
Jones  on  2  October  I9625  It  was  decided  to  fabricate  all 
of  the  initial  units  at  the  30  MO/s  fi’oqusncy* 

The  crystals  t-srere  to  be  essentially  the  same  design 
as  those  used  by  Hermes  Electronics  on  Oo'ntraoi  ,?I)A-.36-‘059- 
SC-~7a242  as  described  in  the  Third  Quarterly  Reports 

The  masks  V7ere  made  ‘up  to  give  electrode  areas  of  .,04^ 
Inches  and  .^064  inches  respectively,,  All  Tjork  ms  to  be 
done  using  our  standard  production  methods  and  tecliniq.uee„ 
Pig=  12  Is  a  copy  of  the  -vrork  order  Issued  to  our  shop  for 
44  crys'tals,. 

The  crystals  were  catalogued  in  such  a  way  tha'b  they 
could  be  readily  identified  as  'bo  frequency,  electrode  dla~ 
meter  and  orientation  of  the  blank  in  the  holdert.  The 
designations  are  as  follows: 

SC-1330a  ,,064"  electrode  diameter  mounted  x^lth  the 

springs  on  g’  axis 

>SCf-.l4505  o064''  electrode  diameter  mounted  i-rlth  tiae 

springs  on  Xm  X’ 

SO-1130  5  „046"  electrode  diameter  mounted  with  ’the 

springs  on  X-j,  S’ 

S0~12305  u046’'  electrode  diameter  mounted  with  the 

springs  on  X,  X' 
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All  blanlcs  were  semi-vioXisheci  in  a  VanOoney  I-app,  They 
were  flat  to  one  light  fringe  when  examined  vmder  a  luono-o 
chromatic  light  with  an  optical  flat,,  The  surface  finish 
was  3  micro-inches  measured  with  a  Brush  Surfindlcator 
Model  BL-110„ 

The  crystals  were  then  examined  under  a  15X  microscope., 
some  scratches  were  observed,.  It  was  also  noted  at  this 
point  that  the  outer  edge  of  the  crystals  seemed  to  have  a 
lesser  degree  of  polish  than  the  center,  vrhicli  would  tend  tc 
malce  one  believe  that  the  crystals  were  slightly  conveXo 

The  crystals  were  base  plated  at  a  pressure  of  at  least 
5  X  10“^  I'iM  of  Mercury  or  better o  They  received  a  flash  coat 
of  aluminum  followed  by  an  evaporated  coat  of  fine  silver^ 
sufficient  to  bring  them  within  -j-90  KC/s  of  the  finished 
frequency o  At  this  point  we  encountered  some  difficulty  in 
making  the  plating  adhere  to  the  blardcs  vrilth  sufficient 
tenacity r,  it  being  common  knowledge  that  aluminum  electrodes 
are  quite  necessary  w*he.ia  plating  polished  crystals,, 

V/e  felt  it  advisable  to  use  a  combination  of  alumimua 
and  silver  rather  tlieji  go  to  an  all  aluminum  electrode;,  the 
reason  for  this  being  that  it  wo^ild  entail  introducing  new 
techniques  of  finishing  which  are  different  from  that  i«lth 
which  ife  are  familiar,  since  much  of  our  experience  has  been 
with  unpolished  crystals  and  silver  electrodeso  We  further 
believe  that  by  using  the  silver  aluminum  combination  tlmt  we 
will  be  able  to  taice  advantage  of  certain  techniques  which  will 
allow  us  to  Increase  the  electrode  area  ^rlthout  causing  dilet^srious 
effects  on  the  mode  configuration  and  Trt.ll  at  the  same  time  allow 
US  to  more  fully  realize  the  other  parameters  of  the  crystals 
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i'hts  yC'.,i430  ojft't 'Its  '.'hile  aot  meetlnjj  thp  requlreraerits-^  of 
the  speoifi  cation  wei'e  vrorth  a  coisparison  as  to  vhat  should 
be  expected,  of  this  partioiils^f  design  end  tfhat  m  actually 
achieved. 

The  design  of  the  SCt-,1430  is  sliown  in  Pigure  13.7 
The  mean  value  of  the  parameters  for  the  SC-1430  dsBlgn 
are  compared  with  the  parameters  as  taken  from  the  SOS-135 
Speoificatiorio 
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The  examination  of  these  parameters  will  show  that  at 
30  MO/s  a  slightly  larger  diameter  spot  ^rt.11  be  necessary  to 
meet  the  requirements  of  0^,  Oo  and  df«  The  raslstanoe  should 
show  great  Impi'oi’-ement  with  the  increased  electrode  area  and 
a  finer  finish  on  the  crystal, 

Unwanted  Hodee 

The  SO-1430  crystal  units  were  all  scanned  for  xmwanted 
modes  and  X  Y  plots  made  for  seven  imlts, 

llg.  14  shoirs  the  arrangement  of  the  test  equipment  used 
In  the  Mode  .ilnalysio,  Pig,  1  and  2  are  X  Y  plots  on  a  9.986 
MO/s  crystal  operating  on  the  5rd  overtone,  and  a  30.0  MO/s 
fundamental  crystal  respectively, 

Tigs,  3  and  4  show  the  results  obtained  when  the  30-1430 
crystals  are  scanned  over  the  entire  frequency  range  as 
I’Qquired  in  the  SOS-135  Specification,  It  is  quite  evident 
upon  examination  of  these  curves  that  some  of  the  crystal 
responses  could  possible  go  unob0er\“ecl» 

Pigs,  5  through  11  are  X  Y  plots  of  seven  30-1430  ci’ystal 
units.  In  each  case  the  Y  axis  Tvus  calibrated  with  the  crystal 
shorted  out. 

There  \:a,s  considerable  difficulty  involved  in  plotting  these 
curves  since  the  signal  generator  must  be  swept  manually  aiid  at 
an  extreme3.y  slow  rate  so  as  not  to  miss  any  of  the  responses, 
quite  often  there  would  be  a  question  as  to  'che  true  amplitude 
of  the  responses. 
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Xt  is  felt  at  this  time  that  the  modes  observed  In  the 
SO-1430  crystals  were  d0fiiiite3.y  belovr  the  40  db  requirement 
with  respect  to  the  short  circuit  reference  condition,, 

Furthei’  work  on  the  measuring  teclmlqvie  with  regard  to 
the  accuracy  of  the  Mode  level  measixrernent  is  indicated » 
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OOKOLUSIOMS 


The  first  lot  of  ci'yetals  processed  for  this  program 
were  not  of  snfficioat  quality  to  meet  tiis  requirements  of 
the  SOS-135  Specification  with  respect  *fco  all  of  the  para¬ 
meters  except  the  umfanted  modes.,  It  Is  quite  evident  that 
the  basic  problem  Tree  a  combination  of  surface  ooudltion  of 
the  crystal  and  poor  tenacity  of  the  electrode  platingj, 
further  it  is  believed  that  the  selection  of  the  electrode 
slse  was  not  sufficient  to  meet  tho  capa.citaiioe  ratio 
requirement  of  the  SOS-135 c 

Hie  to  the  quality  of  the  SC-1130  9  SO-1230  and  SO-I330 
which  vme  not  comparable  to  the  SO-1430  units  no  accurate 
evaluation  of  tlie  method  of  mounting  the  crystals  could  be 
made,,  However,  in  the  future  this  vrlil  be  inrestigatedc 
There  ms  also  a  considerable  amount  of  time  spent 
during  the  Interval  covered  by  this  report  in  setting  up 
equipment  to  fabricate  and  tost  the  crystal  xmlts* 

Vfe  experienced  several  delays  in  obtaining  equipment 
for  the  pro^ecto 

It  is  felt  that  these  delays  should  be  considered  as 
genuine  Lead  Time  problems  in  coaeideri-ng  fu'ture  programs « 
We  are  presently  about  30  days  behind  schedule,, 
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PHOGRAI'!  FOR  THE  ISXT  INTERVAL 


Immediate  plans  call  fov  the  processing  of  approxi¬ 
mately  50 j,  j312  diameter  blanics  and  50,  »250  diameter  ‘blanks^ 
A  more  rigorous  investigation  of  the  polisMng  technique 
and  plating  adherence  problems  t-rill  bo  undertaken  if  it 
is  neoeeaary  to  go  to  an  all  aluminum  electrode  ifo  will* 

The  electrode  area  will  be  increased  to  allow  us  to 
meet  the  requiramonts  of  the  SOS-I35  Specification,, 

Any  questions  regarding  the  accuracy  or  technique  of 
measuring  the  crystal  parameters  will  be  resolved  during 
this  period*  Another  conference  vrlth  Dr^  Beohmann  Is  belJig 
planned  for  the  near  future* 
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C0M1?ERBK0ES 


On  13  September  I962  a  conference  tos  held  at  Port 
Monmouth  with  jDr«  Sudolph  Bechmannj  Mr.,  Pranlc  Priebe  and 
Mr.,  Heinz  Wasshauosn  of  the  Army  Electronics  Research 

and  Development  laboratory  of  Rort  Monmouth.. 

The  diBoussion  covered  the  measiu'ement  of  crystal 
parameters  as  specified  in  the  SOS-.155  Specification* 

On  2  October  1962  a  conference  vras  held  at  Eo.B„ 

Le^ris  Co«5  Inc„  with  Mr.  Ed  Mason  of  USA3SI-1A  and  Mr„  Ermon 
Jones  of  USASII4SA*  The  following  points  vrere  discussed: 

a.  The  initial  worh  and  first  engineering  samples 
would  be  at  the  30  MO/s  freqt\ency„ 

b. .  The  surface  condition  of  the  crj'’stals  trill  be 
analyzed  tJith  the  Brush  Surfindicator* 

c. .  Crystals  will  bs  processed  in  both  .312  and  «250 
diameter* 

d„  He  will  evaluate  both  silver  and  aluminum  electrodes.. 

Qo  An  evaluation  of  need  for  a  Teflon  liner  will  be  made., 

f 0  The  5  d  at  5  crp  vibration  requirement  will  have  to 
be  evaluated  iix  that  the  M  B  Electronic  Oo.  Model  C-11 
vibration  equipment  as  specified  In  the  SG3-155  Specification 
will  not  specifically  meet  this  requirement * 
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IDEKTXnOATIOS'  OV  TEOI-miOAL 


PE'RSOMJEL 


ROBERT-  B,  McOOMU 


McOoiiil)’3  dii-fcieG  at  B,  lewis  Ooo  ax'e  primerily 
concerned  >rlth  the  design  of  Qn«art2  Crystals  for  filter 
epplicationc «  Mr^  McOomh  attended  Public  Schools  In 
Springfi  eld}  I'lieeachusetts  . 

He  oei  sj-eo.  In  the  United  States  havy  In  Uurld  t/a|-  II. 

I  It,  IlcOo-mh  graduated  from  the  Ward  School  of  Sj.ictronics 
Division  of  University  of  Hartford  in  1952» 

B'l'om  1952  to  1955  he  v&s  associated  with  Andei'aen 
Labora-fcorlee  „  Irlraary  duties  were  the  dewelopoenfi  of  test 
equi-paent  to  meatiure  the  parametere  of  solid  ultrusonlo 
delay  lines „ 

Prom  1955  "to  1959  he  iTas  associated  with  i'-turrup,  Inc« 
of  Mlddletovnis  Connecticut.*  As  an  aagineerln'i  Assistant  his 
duties  Included  the  design  and  development  of  complete 
multiple  delay  systems  employing  solid  ultzasonlo  delay  lines 
and  the  associated  electronic  cirouitryo 

Prom  1959  to  i960  he  ihraa  associated  vrith  E„  B„  Let-Jls  Ooo 
His  d-utles  were  in  the  desi.gn  of  prototype  crystals. 

Prom  i960  to  1962  Kr>  McOorab  was  associated  irlth.  Hart¬ 
ford  Kospi-talj  Hartford  a  Connecticut  where  he  was  engaged  in 
Medical  Electronic  and  Bionic  Instnunentatlonu  During  this 
time  he  tos  also  a  consultant  to  the  B,  B*  levTie  Oo. ,  InCo 
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SRIJEST  B.,  LEWIS 


Mr.^  Lewis  attended  the  Public  School  System  of  Meriden, 
Connecticut* 

He  is  a  graduate  of  Wesleyan  University,  Middle to'tm, 
Connecticut,  While  at  Wesleyan  he  majored  in  Physics 
studying  under  Dr,  K.S,  Van  Byke  and  Dr.  Walter  Cady, 

Upon  graduation  Mr,  Levis  entered  the  advertising  field 
for  a  period  of  four  years.  Iso  years  of  irtxieh  he  operated 
his  own  ageney. 

In  1941  Hr.  Levis  heoame  assoelated  vith  the  Crystal 
Researoh  Laboratories  of  Hartford »  Ooaneotloat  In  the 
eapaeity  of  Ceaeral  Produetion  Manager, 

In  1948  Mr,  Levis  founded  the  S.B,  Levis  Co.  in  East 
Hartford,  Connecticut,  In  addition  to  operating  the  B,  B, 
Levis  Co,  he  has  acted  in  a  consulting  capacity  to  several 
crystal  manufacturers  and  also  to  allied  industries  con* 
cemed  vlth  Piezoelectric  Phenomena, 
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OIi/LRL333  Ct.  ROBB 


RobB  is  Chief  J3nglneer  at  the  S,B,  Lewis  Go,,  Ino, 

He  studied  OiVll  Engineering  at  Pennsylvania  State 
College  and  has  had  extansive  experience  in  the  Quartz  Oryatal 
field. 

Luring  his  association  with  the  E.B.  Levils  0o«,  Ino. 
for  the  past  five  years  he  has  in  addition  to  his  engineering 
duties  served  in  both  Menageaent  and  Produotion  Sogineering 
oapacities. 

Prior  to  hlB  asaoclotloh  with  E.L.  Lewis  Oo.,  Mr*  Robb 
Tras  a  Technical  Director  for  General  Sciantlfio  Equipment 
Co,  iriiere  ho  was  concerned  Mth  the  instrumentation  for 
laboratories  In  both  industry  and  Institutional  organizations. 

Before  Joining  General  Scientific  Mr*  Itobb  was  on  the 
Research  and  Engineering  Staff  of  Crystal  Research  Laboratories, 
Hartford,  Connecticut,  where  he  did  much  irork  in  the  field  of 
thin  film  deposition.  He  has  several  patents  and  patent 
applications  relating  to  Quartz  Crystals, 
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Ernest  B,  Lewis 
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